Autoantibodies against myelin oligodendrocyte glycoprotein (MOG-IgG) have been reported in patients with inflammatory central nervous system disorders including isolated optic neuritis (ON). We compared our MOG-IgG ON patients with multiple sclerosis (MS) patients presenting with ON. Methods and results: Among the total of 38 patients with optic neuropathies, six patients with isolated ON were MOG-IgG positive and eight patients with ON fulfilled the diagnostic criteria for MS. All MS patients were negative for MOG-IgG using a cell-based assay. When compared with the MS group, the MOG-IgG patients were older (mean 47 years), more frequently male (ratio 2:1) and had a higher frequency of bilateral and/or recurrent ON. The brain magnetic resonance imaging of all MOG-IgG positive patients was normal or had only unspecific white matter T2 lesions. Conclusion: These findings suggest that MOG-IgG is a biomarker of an inflammatory demyelinating CNS disease distinct from MS.
The idiopathic acquired inflammatory central nervous system (CNS) disorders are a heterogenous group of autoimmune conditions caused by inflammation, myelin loss 1 , axonal lesion and neurodegeneration
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. The most frequent and extensively studied is multiple sclerosis (MS) and its diagnosis is based on clinical and magnectic resonance imaging (MRI) characteristics. Multiple sclerosis is only diagnosed after the exclusion of other etiologies given that it still lacks a reliable biomarker. Since the identification of the anti-aquaporin-4 antibody (AQP4-IgG) and its strong association with neuromyelitis optica spectrum disorders (NMOSD) 3 , the interest has grown in the development of new laboratory biomarkers that could be used in the differential diagnosis of CNS demyelinating conditions. Several other CNS antigens have been evaluated as potential targets in autoimmune inflammatory CNS disorders. One of the most extensively studied is myelin oligodendrocyte glycoprotein (MOG), largely used in animal models to induce experimental demyelination 4 . The MOG is a glycoprotein of 218 aminoacids expressed exclusively in the plasmatic membrane of the oligodendrocytes within the CNS. It is a minor compound of the myelin sheath but its localization on the outer surface made it accessible to reactive antibodies. It is belived that its extracellular domain induces cellular and humoral autoimmunity 5 . Antibodies directed against MOG (MOG-IgG) are mostly of the IgG1 subtype and are able to induce cytotoxicity and to fix complement
.
The MOG-IgG is observed in several clinical syndromes, such as NMOSD, idiopathic recurrent or bilateral optic neuritis (ON), isolated myelitis, acute demyelinating encephalomyelitis and in pediatric MS. Although, it is not clear if the variable phenotypes that have been linked to MOG-IgG are a result of the technical limitations and lack of a standard detection method 5 , or if they indicate certain heterogeneity in the immunological dysfunction that causes the production of these autoantibodies.
Advanced techniques of molecular biology using cellbased assays are more sensitive and specific than those using enzyme-linked immunosorbent assays -ELISA -with linear peptides or western blot using denatured protein. The cellbased assay method is based on transfection of live human cells with human DNA to generate expression of the MOG on the plasmatic membrane. Autoantibodies directed to conformational epitopes are then detected in the patient's sera. The cell-based assay has allowed better characterization of the clinical, radiological and laboratorial profiles of positive patients and the prognostic value of MOG-IgG. Also, it has helped investigate its potential pathogenic effects.
Previous studies in MOG-IgG positive AQP4-Ab negative NMOSD patients have suggested different clinical characteristics when compared with AQP4-Ab positive patients, such as the lack of female predominance, more caudal spinal cord lesions, better recovery from the attacks and a more frequent involvement of optic nerves, with bilateral simultaneous ON
6
. Other clinical syndromes still lack characterization due to the low number of cases and the need for confirmation in different cohorts.
Considering that MOG-IgG potentially represents a valuable diagnostic and prognostic marker for idiopathic inflammatory CNS inflammatory disorders, we compared the clinical, radiological and laboratorial characteristics of MOG-IgG-positive optic neuritis with MS-associated ON.
METHODS
We selected 38 patients admitted with acute/subacute ON to our Neuroimmunology Center at São Lucas Hospital of Pontifical Catholic University of Rio Grande do Sul between December 2014 and December 2015. We excluded patients who fulfilled the diagnostic criteria for NMOSD 7 (n = 5), patients with ON with a non-inflammatory cause or associated with systemic diseases (one with sarcoidosis, one with pituitary adenoma and one with psychosomatic symptoms), and patients with insufficient data (n = 2). Of the remaining patients, eight fulfilled the diagnostic criteria for MS, according the McDonald criteria of 2010 8 ( Figure) . Twenty non-MS ON patients were tested for AQP4-IgG using cell-based assays and all patients were negative. All MS-ON and the 20 idiopathic ON (ION) were tested for MOG-IgG.
Patients' sera were used to evaluate the presence of MOG-IgG. Live HEK-293 cells were transfected with a plasmid containing human full-length MOG cDNA, as previously reported 6 , using the transfection agent FUGENE-HD (Promega Corp. Madison, WI, USA). The cells were exposed to patient diluted sera and then to a secondary goat anti-human IgG Fc-specific Dy-488 tagged antibody (Thermo-Fischer, USA) to avoid cross-reaction with other immunoglobulin classes. The samples were tested at least twice for MOG-IgG at 1:128 dilution and only those considered positive by two different examiners were counted as true positives. The antibody titers were determined by final double dilution.
The clinical, radiological and laboratorial characteristics of the patients were collected by chart review. We compared three groups: MS-ON, ION MOG-IgG positive, and ION MOG-IgG negative.
All data and samples were collected after approval by the Ethics Committee of Pontifical Catholic University of Rio Grande do Sul and all patients were informed and spontaneously consented to participate in a written agreement research form.
RESULTS
All eight MS-ON patients were negative for MOG-IgG. Of the 20 ION patients, six (30%) were MOG-IgG positive and 14 (70%) were negative.
Amongst the MOG-IgG positive group, the titers ranged from 1:256 to 1:4,096, with a median titer of 1:1,024. The MOG-IgG patients were predominantly male (male:female ratio of 2:1). Median age was 47 years (ranging from 20 to 63 years). One patient presented with recurrent ON; the remaining seven patients presented with a single attack. Two patients presented with a T2-hypersignal with gadolinium enhancement of the optic nerve on the orbital MRI. Two patients had unspecific T2/FLAIR hyperintensities in the brain white matter. Regarding treatment, all MOG-IgG positive patients were treated with intravenous methylprednisolone 1g per day for 3-5 days. Three patients also received plasma exchange due to partial recovery after IV corticosteroids. Three patients received immunosuppression with azathioprine. The main reasons for the use of azathioprine were recurrence and/or severity ( Table 1) .
The ION patients with MOG-IgG were older than the MS patients (median 47, ranging from 20 to 69 years). Male predominance was more significant in the MOG-IgG ION group compared to the ON-MS and MOG-IgG negative group. All patients with MS had typical brain lesions compared with the unspecific changes in the MOG-IgG ON patients. None of the ION patients presented with spinal cord lesions during their admission. The MOG-IgG positive patients did not have a family history of systemic autoimmunity. Amongst MOG-IgG ION negative patients, there were family history of psoriasis and rheumatoid arthritis, and amongst MS patients, there were family history of rheumatoid arthritis. There was no difference in the number of ON attacks between the evaluated groups ( Table 2) .
The ION MOG-IgG positive patients received plasma exchange proportionally more frequently than the ION MOG-IgG negative and the MS patients. Three ION MOG-IgG positive and two MOG-IgG negative patients received long-term immunosuppression with azathioprine. One MOG-IgG negative ION patient was also treated with mycophenolate mofetil (Table 2) . 
DISCUSSION
This study compared ION with MS-ON patients. All MS patients were negative for MOG-IgG, as reported by other studies. For example, Chalmoukou et al. 9 tested 42 relapsingremitting MS and primary progressive MS patients and did not find MOG-IgG seropositivity, and Ramanathan et al. 10 evaluated 76 relapsing-remitting MS, primary progressive MS and secondary progressive MS patients and found only one MOG-IgG positive patient. These findings suggest that MOGIgG could be a biomarker of a demyelinating disease distinct from MS in adults. We might suppose that the initial results that found MOG-IgG positivity amongst MS patients in earlier studies not using cell-based assays were probably due to the lower assay specificity.
As suggested by previous results (Table 3) , MOG-IgG positive patients may present with a clinical diagnosis of idiopathic ON 9, 11 or NMOSD 6, 10 . The MOG-IgG patients frequently have recurrent or bilateral ON and the male predominance contrasts with the female predominance in MS. There is still controversy concerning the age at disease onset. While Nakajima et al.
12 found younger ages at presentation, this and previous studies with NMOSD MOG-IgG positive patients 6 suggest an older age when compared with MOG-IgG negative subgroups.
Previous studies pointed to higher frequencies of recurrent ION in MOG-IgG positive patients 9 . We observed recurrence in only one patient, however, given the transversal design of our study, it is not possible to assume a lower frequency of recurrence in our cohort.
As was previously observed in NMOSD patients, this study did not find significant brain lesions in the ION MOG-IgG seropositive subgroup. Nevertheless, optic nerves may have particular susceptibility to MOG-IgG autoantibodies given the frequency of their involvement
11
. These findings could represent a clinical scenario suggestive of MOG-IgG positivity and could be used to guide laboratory investigations in clinical practice.
This study has limited capacity to estimate recurrence and long-term outcomes of ION related to MOG-IgG, due to our small sample and study design. However, this study adds important demographic and clinical information in the initial presentation that could indicate positivity to MOG-IgG in ON. Also, it confirms, in the Brazilian population, previous data of other groups.
These preliminary findings need to be confirmed by longterm evaluation of larger groups, as careful investigation of possible pathogenic effects of MOG-IgG and follow up of the antibody titers could be used as prognostic markers. Also, it is necessary to confirm the favorable visual recovery of MOG-IgG positive patients, as previously seen in ION 9,11 and NMOSD 6, 10 cohorts. The use of reliable serologic tests, such as cell-based assays, to guide a detailed evaluation of previouslydescribed inflammatory idiopathic CNS syndromes associated with MOG-IgG will help define the clinical spectrum of this antibody and the best therapeutic approach to manage these patients.
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